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Microstructual Change and Near-threshold Fatigue Crack Growth

Behaviors of Ni-Cr-Mo-V Steel by Tempering Treatments
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Department of Mechanical Engineering, Gyongsan, 712-749

ABSTRACT

Near-threshold fatigue crack growth characteristics was investigated on the Ni-Cr-Mo-V low alloy
steel, which has the different microstructure obtained by tempering at various temperature. The speci-
mens were austenized at 950 and then followed by tempering at 200°C, 530°C and 600°C. Strain
rate was obtained from strain gauge attached on the crack tip and crack opening point was observed
through load-strain curve. Threshold stress intensity range(4K,) was increased with increasing tem-
pering tempuerature, but the effective threshold stress intensity rage( 4K. ) was not affected with
the increasing temperature. Grain size increased with increasing tempering temperature.
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Table. 1 Chemical composition of Ni-Cr-Mo-V
steel (wt.%)

024 03 0007 0002 004 353 176

0.37 0.1 0.0011 0.0079 0.003 0.003

Table. 2 Mechanical properties of Ni-Cr-Mo-V

steel
Tensile strength(MPa) 18.3
Yield strength(MPa) 15.0
Elongation(%) 21
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Fig. 1 Geometry of center crack tension specimen
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Table. 3 Tempering temperature and cooling rate
effect on grain size of Ni-Cr-Mo-V steel

Cooling
rate | Furnace Air
Tempering cooling cooling
temperature
200C 34um 33um
530°C 62/m 59.m
600°C 79um 74um
400
® furnance cooling
® air cooling
—~ 350 | - - —base
o]
S
@
¢ 300
=}
o
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L 250 -
%)
-
b
i 200
150 L - L L

200 400 6000
Tempering temperature( C)

Fig. 3 Vickers hardness of Ni-Cr-Mo-V steel tem-
pered at different temperatures
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Fig. 5 Relation between da/dn and 4K of Ni-Cr-
Mo-V steel for the case of furnace cooling

Table. 4 Tempering temperature and cooling rate
effect on threshold stress intensity factor
range(4K,,) for Ni-Cr-Mo-V steel

Cooling
rate Furnace Air
Tempering cooling cooling
temperature
200°C 4.3MPa /m | 4.5MPa /m
530°C 5.0MPa ym | 5.1Mpa ym
600°C 55Mpa ym | 5.7MPa Jm
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Fig. 4 Microstructures of Ni-Cr-Mo-V steel after tempering at (a) 200°C, (b) 530°C, (¢) 600°C ( x 500)
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Fig. 8 Fraclograph in Ni-Cr-Mo-V steel tempered at (a) 200°C, (b) 530°C and (c) 600°C ( x 1000)
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Table. 5 Tempering temperature and cooling rate
effect on effective threshold stress intensi-
ty factor range(4K.) of Ni-Cr-Mo-V

Cooling
rate Furnace Air
Tempering cooling cooling
temperature
200C 1.7MPa ym | 1.7MPa ym
530C 1.9MPa /m | 1.9Mpa /m
600°C 2.2Mpa ym | 2.2MPa ym
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